Backgrounds: Perceptions of health are important to motivate people to change behaviors. Non-adherence to healthy behaviors that prevent cardiovascular disease may result from inadequate health perceptions. However, there are few studies investigating relationships between health perceptions and psychological states. Objective: To determine whether psychological states (ie, depressive symptoms and anxiety) are associated with the congruency between health perception and estimated risk for cardiovascular disease in adults with 2 or more cardiovascular disease risk factors. Methods: Community dwellers at risk for cardiovascular disease were asked to complete the Patient Health Questionnaire-9 and the anxiety subscale of the Brief Symptom Inventory to measure depressive symptoms and anxiety, respectively. Participants rated their perceived health from excellent to poor. The estimated cardiovascular disease risks were measured with the 10-year cardiovascular disease Framingham risk scores. Participants were grouped into three health perception groups based on congruency between levels of health perception and cardiovascular disease risk. Multivariate multinomial logistic regression was done to examine the association between psychological states and health perception groups. Results: Of 828 participants 54.7%, 12.0%, and 33.3% had congruent, pessimistically biased, and optimistically biased health perception, respectively. Depressive symptoms were significantly associated with pessimistic bias (adjusted odds ratio: 1.070, 95% confidence interval 1.010-1.133), but not anxiety. Optimistic bias was not associated with either depressive symptoms or anxiety. Conclusions: A mismatch between individual health perceptions and cardiovascular disease risks was associated with depressive symptoms. As health perception is affected by depressive symptoms, clinicians should assess depressive symptoms when exploring health perceptions and engaging individuals in decision-making about a healthy lifestyle.
Introduction
Cardiovascular disease (CVD) is a significant health problem related to adverse outcomes and staggering health expenditures. 1 In addition to traditional risk factors (eg, age) and depression, 1,2 engaging in a healthy lifestyle (eg, blood pressure management, weight control, healthy diet, regular physical activities, and smoking cessation) is recognized as a significant factor to reduce the risk of developing CVD. 1 However, the adherence rate to recommended healthy behaviors is not adequate. The projected improvement in the recommended healthy lifestyle between 2010 and 2020 is approximately 6%, which is 14% lower than the goal of American Heart Association. 1 Thus, it is important to identify reasons for inadequate engagement in health protective behaviors to prevent incident CVD. Individual perception of health is one of the primary factors influencing the decision to engage in health protective behaviors. 3, 4 If individuals judge their health status as good, they are likely to maintain their current lifestyle. However, perceived health is not always congruent with actual health status. [4] [5] [6] [7] Biased perception (ie, pessimistic and optimistic bias) can be problematic. Young healthy women who overestimated their risk of getting breast cancer compared to their actual risk were more likely to have premature mammography screening and be fearful of breast cancer. 8 Therefore, unbiased perceptions of health are essential for individuals to make appropriate healthy lifestyle choices. Because biased perception of health is a barrier to adopting a healthy lifestyle, investigators have examined factors related to inaccurate risk perception for CVD. Most researchers have focused on demographic and clinical factors (eg, education and lipid level). [5] [6] [7] 9 However, emotional states also affect how individuals perceive and respond to information. [10] [11] [12] For example, depression is one of the important predictors of the incident CVD. It is suggested that unhealthy lifestyle practices in depressed people contribute to CVD. 2 It is possible that making unhealthy choices in individuals with depression might be related to biased perception of CVD due to depressed mood. Therefore, the purpose of this study was to determine whether psychological states (i.e, depressive symptoms and anxiety) are associated with the congruency between health perception and estimated risk for CVD in adults with 2 or more CVD risk factors.
Methods

Data source and participants
This was a secondary analysis of baseline data collected from the HeartHealth intervention study. 13 The parent study was aimed at testing the effectiveness of a 3-month CVD risk-reduction program in rural residents who were at risk for CVD. The intervention was focused on increasing knowledge and building skills to adopt a healthy lifestyle (ie, diet, activity, medication adherence, and psychological health) via individualized education, goal setting, and counseling sessions.
Participants were recruited from clinics, community centers, and self-referral from flyers posted at various community locations. Adults were included if they had at least 2 of the following CVD risk factors: age of >45 years for males and >55 years for females, abnormal lipids, hypertension, diabetes, body mass index ≥25 kg/m 2 , current smoker, poor diet (high in fat or low in fruits and vegetables), or sedentary lifestyle. Participants were excluded if they had cognitive impairment, conditions requiring a special diet or limiting engagement in physical activities, life-threatening morbidities (eg, end-stage renal disease and cancer with active treatment), were chronic substance abusers, or non-English speaking. In this study, we included 828 participants who had data on all variables of interest (eg, perceived health, depressive symptoms, and anxiety).
The study was approved by the Institutional Review Board of the University of Kentucky (10-0827-F6A). This study conforms to the principles of the Declaration of Helsinki. Eligible participants provided written, signed informed consent after receiving a detailed explanation of the study by research nurses. Participants completed questionnaires that included sociodemographic information, perceived health, and psychological states (ie, depressive symptoms and anxiety). Trained research nurses measured height, weight, blood pressure, lipid profile, and hemoglobin A1c (HbA1c).
Measures Perceived health
The perception of health was measured with one item from the SF-36: " in general, would you say your health is. . ." Participants rated their health status as excellent, very good, good, fair, or poor. For analysis, good perceived health was defined as rating health as excellent, very good, or good health, while poor perceived health was defined as rating health fair to poor.
Estimated cardiovascular disease risk
Participants' estimated 10-year CVD risk was defined using the Framingham risk score based on age, sex, total cholesterol, high-density lipoprotein cholesterol (HDL-C), systolic blood pressure, current smoking status, diabetes, and treatment for hypertension.
14 A moderate to high risk was defined as the Framingham 10-year CVD risk of 10% or higher. 15 Lipid profile, including total cholesterol, triglyceride, and HDL-C, was obtained from a fingerstick blood sample using a portable lipid analyzer (Cholestech LDX, Inverness Medical, CA). Non-HDL-C was calculated by subtracting HDL-C from total cholesterol. Non-HDL-C levels are an inclusive measure of routine lipid profile and better performed to predict adverse clinical outcomes compared to other lipid measures.
16 HbA1c was measured with fingerstick blood sample using a portable HbA1c blood monitor (A1C Now, BayerContour, NJ). Blood pressure was measured in the left arm of the seated participants with a mercury-column sphygmomanometer and an appropriately sized cuff based on the American Heart Association standard procedure. 
Psychological states
Depressive symptoms. The 9-item Patient Health Questionnaire (PHQ-9) was used to measure depressive symptoms. 17 The items correspond with the diagnostic criteria for depressive disorder in the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition. 17 Patients were asked to rate each item on a scale from 0 (not at all) to 3 (nearly every day), with a total score ranging from 0 to 27. Using the PHQ-9, scores for depressive symptoms were categorized as follows: minimal (<5), mild (5-9), moderate (10) (11) (12) (13) (14) , moderately severe (15) (16) (17) (18) (19) , and severe depressive symptoms (20) (21) (22) (23) (24) (25) (26) (27) . 17, 18 Anxiety The subscale of the Brief Symptom Inventory was used to measure anxiety. 19 Participants were asked the extent to which they have been bothered by 6 symptoms of anxiety in the past 7 days ranging from not at all (0) to extremely (4) . Total scores are the average of each item (range 0-4), with higher scores indicating higher levels of anxiety. 19 
Statistical analyses
Participants were classified into three health perception groups based on congruency between their level of health perception (high vs low perceived health status) and their level of estimated CVD risk grouped (moderate to high vs low CVD risk): 1) congruent; 2) pessimistically biased; and 3) optimistically biased perception. If participants' estimated CVD risk was low and their perceived health was poor, they were classified as pessimistically biased; if their estimated CVD risk was moderate to high and their perceived health was good, they were classified as optimistically biased. If participants' estimated CVD risk was low and their perceived health was good or their estimated CVD risk was moderate to high and their perceived health was poor, they were classified as congruent health perception. Differences in demographic and CVD risk factors among the three health perception group were tested with chi-square test or analysis of variance (ANOVA) as appropriate. If F-statistics of ANOVA was significant, an LSD post-hoc test was done to determine the source of group differences. Multivariate multinomial logistic regression was done to examine the association between psychological states (ie, depressive symptoms and anxiety) and health perception groups, after controlling for age, gender, marital status, employment state, absence of medical insurance, body mass index, non-HDL-C, systolic blood pressure, and HbA1c. Participants with congruent health perception were the reference group. All data analyses were performed using IBM SPSS version 22.
Results
Sample characteristics
The mean age of the 828 participants was 51 years old (SD 13.6) ( Table 1 ). The majority of the participants were female (75.4%), white (95.2%), employed (76.8%), had insurance (92.1%), and completed at least high school (64.9%). Fewer than half of the participants had triglycerides of <150 mg/dL (43.8%), HDL-C of >40 mg/dL (40%), and non-HDL-C of <130 mg/dL (31.4%). Approximately 85% of the participants were either overweight (29.1%) or obese (56.9%). On average, 47% of the participants were at a moderate to high risk for CVD development within the next 10 years based on the Framingham risk scores. More than 70% of the participants reported good to excellent health. Among the participants, 54.7% had congruent, 12.0% had pessimistically biased, and 33.3% had optimistically biased health perceptions (Table 1) .
Psychological status and health perception groups
Depressive symptoms and anxiety were significantly different among the three groups of health perception (Table 1) . Participants in the congruent and optimistically biased groups had lower levels of depressive symptoms compared to participants in the pessimistically biased group (pvalue<0.001). With worsening depressive symptoms, the proportion of the pessimistically biased group increased while the proportion of the optimistic bias group decreased (Figure 1, p-value=0.01) . Participants in the optimistically biased group experienced lower levels of anxiety than participants in the congruent and pessimistically biased groups (p-value <0.001). As anxiety scores increased, an upward trend was observed in the pessimistically biased group, and a downward trend was observed in the optimistically biased group (Figure 2 , p-value =0.053).
Association between psychological status and health perception groups
Depressive symptoms were significantly associated with pessimistic bias (p-value=0.022), but not anxiety (p-value >0.05) in the multivariate multinomial logistic regression model after controlling for demographics and CVD risk factors (Table 2 ). For every one-point increase in depressive symptom scores, there was a 7% increase in adjusted odds of being in the pessimistically biased group (odds ratio [OR]: 1.070, 95% confidence interval 1.010-1.133, p-value =0.022) compared with the congruent group. Among covariates included in the regression model, younger age and higher body mass index were also associated with membership in the pessimistically biased group.
Depressive symptoms or anxiety was not associated with optimistic bias after adjusting for demographics and CVD risk factors (Table 2) . Among the covariates entered in the model, older age, male, being employed, higher levels of non-HDL-C, and higher systolic blood pressure were associated with the membership in the optimistically biased group.
Discussion
The American Heart Association has promoted 7 core health behaviors (eg, blood pressure management, weight control, healthy diet, regular physical activity, and smoking cessation) to the public in order to prevent CVD. However, adherence to the 7 core health behaviors is still not optimal. 1 Because health perception has been recognized as an important factor to motivate people to adopt a healthy lifestyle, incongruent health perception compared with objectively assessed health status may contribute to suboptimal engagement in a healthy lifestyle. We found that biased health perception, that is biased in comparison with the estimated CVD risk, was prevalent among individuals who were at risk for CVD. Biased health perception was associated with depressive symptoms in our study. This finding highlights that individuals' ability to adequately estimate their health is affected by emotional states. Affect and cognition simultaneously influence information processing and reactions to health threats. 4, 20 Emotional perception of vulnerability can outweigh cognitive perception of vulnerability. 10, 20, 21 In the study by Avis et al (1989) in which individualized heart attack risk feedback was given to improve the accuracy of perceived risk for heart attack compared to the objectively assessed risk, the intervention was effective only among individuals whose estimated risk was above average. 22 The limited effect of the intervention suggests that improving knowledge of CVD risk factors is not sufficient to enhance the accuracy of assessment of disease risks if psychological states are not addressed. We found that depressive symptoms were predictive of pessimistically biased health perception. Similarly, diabetic patients with depressive symptoms were more likely to perceive a greater risk for CVD development than those who were not depressed. 11 The characteristics of depressed people (ie, ruminative thinking and stronger memory of negative experiences) may contribute to the overestimation of risks compared to the estimated risks. 23, 24 Unlike depressive symptoms, hypervigilance for threatrelated information is a unique characteristic of anxiety. 25 The association between anxiety and perceived risk for cancer and CVD has been demonstrated. 7, 12, 26, 27 Breast cancer survivors with greater levels of anxiety were more likely to overestimate their breast cancer recurrence risk compared to the estimated risks of recurrence. 27 However, in this study, we did not find a significant relationship between anxiety and the congruency of health perception compared to estimated CVD risk. This may be related to the effect of anxiety on information processing that varies depending on levels of anxiety (high vs low levels). 24, 28 The average score of anxiety in our sample may be too low to trigger hypervigilance of illness-related information.
We found that age, male, and employment status were predictors of optimistic bias. These findings are in line with previous studies. 5, 7, 29 Because men are less likely to be conscious of health and seek medical care compared with women, 30 they may underestimate their risk for CVD.
Because unemployment is predicted by poor physical health, 31 it is expected that the unemployed are more likely to percceive to have poor health, which may contribute to optimal bias. . Of the modifiable risk factors of CVD (body mass index, non-HDL, systolic blood pressure), a higher body mass index was associated with a greater likelihood of having pessimistic bias, which is in line with previous findings.
9,32
The significant relationship between body mass index and pessimistic bias may be related to the well-publicized negative effects of obesity on CVD. Our finding that higher levels of non-HDL and systolic blood pressure were associated with a greater likelihood of having optimistic bias may appear to be counterintuitive. However, people are often not aware of their cholesterol or blood pressure levels, 33, 34 and many assume their cholesterol is in the normal range despite never having receiving such information from their healthcare providers. 33 Because individuals who are optimistically biased to their health may be likely to have the false assumption that their cholesterol and blood pressure levels were optimal without knowing the accurate levels. Researchers report that an individual's perception of risk for CVD is frequently incongruent with their estimated risk 5-7,9,22,35 using a variety of tools to measure CVD risk in diverse samples (eg, smokers and general healthy people). Our finding expands this phenomenon, prevalent incongruence between perceived and estimated CVD risk, to individuals who are at risk for CVD. There are some limitations to be noted. We measured perceived health globally and did not use a CVD-specific measure because perceptions of CVD were not collected in the parent study. However, because CVD is an important component of health perception, global health perception takes into account individuals perception of CVD. There were other variables that were not included in our investigation because those variables were not collected in the parent study, such as knowledge of CVD. Because we recruited people who had at least two CVD risk factors, our results may not be generalizable to people who are not at risk for CVD.
Conclusion
Congruent awareness of personal risk for a chronic preventable condition is a primary first step in making the decision to adopt healthy behaviors. If people underestimate their health, they could often unnecessarily increase health care utilization. On the other hand, over-estimation of health status may lead to a reduced likelihood of implementing recommended healthy behaviors. We found that a mismatch between individual health perception and estimated CVD risk was associated with depressive symptoms. As health perception is affected by depressive symptoms, clinicians should assess depressive symptoms when exploring health perceptions and promoting individual engagement in a healthy lifestyle.
